Exposure of the pregnant rat to warfarin and vitamin K1: an animal model of intraventricular hemorrhage in the fetus.
Pregnant Sprague-Dawley rats were given daily oral doses of sodium warfarin (100 mg/kg) and concurrent intramuscular injections of vitamin K1 (10 mg/kg). This dosing regimen did not have any apparent deleterious effect on the dams and did not affect the fetuses when administered from day 1 to day 12 of pregnancy. However, similar treatment from day 9 to 20 caused hemorrhage in the fetuses examined on day 21 of gestation. There were no hemorrhages in the control fetuses from dams receiving vitamin K1 only. The lowest effective dose of warfarin, in conjunction with daily doses of vitamin K1, was 3 mg/kg. This dose caused hemorrhage in 28% of fetuses; the incidence of affected fetuses was not further increased by doses of warfarin up to 100 mg/kg. Hemorrhages affected the fetal brain, face, eyes, and ear and occasionally the limbs. Brain hemorrhages were frequently intraventricular and caused various degrees of hydrocephaly. Bony defects were not a feature of prenatal exposure to warfarin. These results show that prenatal exposure of the rat to warfarin and vitamin K duplicates the hemorrhagic abnormalities and pathology associated with prenatal exposure to warfarin in the human. It did not induce bony or facial defects probably because the vitamin K-dependent components of bone development occur postnatally in the rat. This model should allow detailed determination of the role of vitamin K-dependent proteins in development.